ABSTRACT. Spontaneous activities in 10 beagle dogs housed in an individual cage were recorded continuously for 2 hr by an accelerometer fixed to dogs and by a video camera. The responses of the accelerometer were compared to movements identified from the video tapes. We found that gross differentiation of quantitative spontanenous activities might be possible by using only the accelerometer if the threshold of the accelerometer and the amount of acceleration volume were set adequately: the responses of the accelerometer at the threshold of 0.10 G with the acceleration number of 251 or more revealed only movements of the whole-body, and those at the threshold of 0.02 G all movements including changes of the part(s) of the body.-KEY WORDS: acceleration, canine, spontaneous activity.
Study subjects were 10 male purebred Beagle dogs (11-20 months old, 11-14 kg of weight) produced at a breeding company (Covance Research Products Inc., Michigan, U.S.A.). The animals were housed individually in a stainless steel cage. The cage size was 85 cm deep, 85 cm wide and 70 cm high. An experimental room contained 40 cages. The experimental dogs, raised in and acclimated to the cage for more than 6 months, were used for recording acceleration with an accelerometer and for taping images with a video camera. The room was maintained on the 13-hr light (8:00-21:00) and 11-hr dark (21:00-8:00). The dogs were given 300 g of commercial dry dog food each day. Water was provided ad libitum by a water-autosupply instrument. Laboratory personnel were not in the room except for a short period after the beginning of the recording and before its end in order to investigate human effect on canine behavior. Spontaneous activities were recorded by an accelerometer (Activtracer ® AC-200, GMC Inc., Tokyo, Japan) that contained the central processing unit and memory. The accelerometer, 100 g of weight and 57 × 85 × 18 mm in size, could measure a range of 0.01-4.00 G. It had a piezoelectric transducer that could measure three dimensional accelerations (X, Y and Z axes) and produce the composite acceleration (X 2 + Y 2 + Z 2 ) 1/2 . The composite accelerations were averaged every 0.1 sec. When the averaged value of the composite acceleration during 0.1 sec passed over the threshold that had been set at 0.02 G, 0.05 G and 0.10 G in advance, the count 1 was given to the memory of the accelerometer. If the averaged value was less than the threshold, the memory recorded as the count 0. The accumulated numbers for 60 sec (maximum 600 = 1 × 600) were recorded as the acceleration number on a recorder in a time-series. The accelerometer could set three kinds of threshold at the same time. It had the memory size of 20160 and was possible to record continuously the Behavioral toxicity occurs in abnormal movements and/ or behaviors in animals because the target of substances causing behavioral toxicity is related to behavioral functions. There are two methods to investigate the behavioral toxicity, mainly developed in rodents [1] : gross observations [7, 23] , and automatic measures of spontaneous activity [3, 13, 14, 18, 21, 22] . The Beagle dog has been very often used for toxicological tests in medical drugs as the non-rodent experimental animals [17] . Spontaneous activities in Beagles housed in a cage have been evaluated with gross observations by investigators [5, 8, 9, 15, 19, 20, 23] , with intermittent photographic recordings [11, 16] , with videotape recordings [2, 6, 10, 12] or with recordings by a step recorder [24] . However, gross observations by investigators are often empirical, subjective and impossible to make a continuous observation for a long period. Existence of the investigator stimulates the animals and changes the patterns of their activities. Photographic recordings are impossible to make continuous recordings on physical conditions in animals. Videotape recordings, possible for continuous recordings, are difficult to make qualitative analysis after discontinuing the light. Recordings of movements in animals using a step recorder enforce the contact of an investigator to experimental dogs every recording time. There has been no report on the quantitative analysis of spontaneous activity in the dog.
In order to make a continuous, objective and quantitative evaluation for physical activities or movements in Beagle dogs housed in a cage, we tried to record acceleration caused by activity of Beagle dogs with an accelerometer attached to them.
acceleration number for about 5,000 min. The PC-9801NA (NEC, Tokyo, Japan) was used for setting the measuring conditions in the accelerometer, and for taking out the data from the accelerometer to make a secondary processing of the data.
The accelerometer was fixed to the withers with an elastic band surrounding the thorax and covered with a canine vest (IAJ-03F, Ina Research Inc., Nagano, Japan) to protect the accelerometer. The dogs attached the accelerometer could move without any restraint in the cage. The accelerometer fixed to the withers remained at the same position during experimental period in all investigated dogs.
A video camera, manually synchronized with the accelerogram, was set to take pictures of a full view of the dog fixed the accelerometer. Three kinds of spontaneous activities, movements of the whole-body including locomotion, changes of postures, and movements of the part(s) of the body were classified from the recorded tape every 1 min in our study. We used the classification of the posture in the animal by Hite et al. [11] : standing (front and rear legs were upright with all feet on the cage floor), sitting (only the front legs were upright with all feet on the cage floor) and lying (front and rear legs were on the cage floor). Sleeping (head, body and legs in contact with the cage floor) was sorted into lying in our study. If there were plural postures for a minute, the postures containing standing were classified as standing and those containing sitting without standing as sitting. The classification was performed under gross observation by two experimenters who had experience on canine toxicity studies for more than 8 years.
Recordings by the accelerometer and the video camera in each dog were performed about for 2 hr (14:00-16:00) under the lighting condition. This period was selected, because there were few ordinary works in the experimental room during the period.
Analysis of the recorded videotapes revealed that wholebody activities (locomotion and shaking during standing) occupied 20% of total recording time of 998 min in 10 dogs within the cage in the room without personnel, and lying 74%, sitting 5% and standing 1%. These animals had the whole-body activities of 69%, lying of 20%, standing of 6% and sitting of 5% during the period when personnel were in the room for 196 min after the beginning of recording and before its finishing. So the dogs spent standing of 30%, sitting of 5% and lying of 65% during 2 hr. During the period with personnel in the room, averaged acceleration numbers at the threshold of 0.02 G, 0.05 G and 0.10 G were 388, 273 and 189, respectively. These numbers were larger than the averaged acceleration numbers of 125 at the threshold of 0.02 G, 61 at the threshold of 0.05 G and 36 at the threshold of 0.10 G, recorded in the room without personnel.
The number of movements in each part of the body in the lying recorded by the video camera was largest for the trunk followed by the head, forelimbs and hindlimbs, respectively. Each part of the body in the sitting and standing moved at the similar rate.
The response of the accelerometer (threshold of 0.02 G) to the head movements during standing had 4% less than the number of them recorded by the video camera. The slow head movement during urination with fixed four limbs was not counted by the accelerometer. The responses of the accelerometer (threshold of 0.02 G) to the head, four limbs or trunk movements during lying also occurred in 4-6% less than those revealed by the video camera. Although there were these minor differences, the accelerometer at the threshold of 0.02 G responded to almost all spontaneous activity during standing, sitting and lying recorded by the video camera (Table 1, Fig. l) .
Acceleration number at the threshold of 0.05 G was counted whenever postures were changed during standing or sitting (Table 1, Fig. l) . The responses of the accelerometer to movements of the part(s) of the body during sitting and lying were about 95% and 80% of the number of the movements recorded by the video camera, respectively (Table 1, Fig. 1 ). Four to seven percents of movements of the part(s) of the body during standing revealed by the video camera did not occur in acceleration at this threshold.
The accelerometer at the highest threshold of 0.10 G responded to all the whole-body movements of locomotion and shaking, and the transfers from standing to sitting and lying (Table 1, Fig. 1 ). However, the accelerometer did not sometimes respond during the transfer from sitting to lying. Acceleration number was counted in head movements during standing without the change of postures 11% less than the number recorded by the video camera (Table 1) . Acceleration at this threshold responded to movements of the part(s) of the body during sitting (80-83%) and lying (43-58%). It was possible to differentiate the whole-body movements from other movements at the threshold of 0.10 G if the amount of the acceleration number (maximum 600/ min) was evaluated. The acceleration number of 101 or more at the threshold of 0.10 G indicated 93-100% of whole-body movements identified from the video recordings in 10 dogs. Only whole-body movements were recorded in these dogs at the acceleration number of 251 or more.
There were differences among dogs in the amount of the acceleration number during 2 hr. The most active dog exhibited 4 times larger amount of the acceleration number than the least active one. There were also differences in the occurrence rates of activity patterns in 10 dogs. However, there was no difference in each dog between the responses recorded at each threshold of the accelerometer and various movements revealed by the video recorder.
The analysis of the video tape revealed that dogs spent 30% of time as standing, 5% of time as sitting and 65% of time as lying in the cage in the room for 2 hr. These percentages of time spent in various postures were similar to those investigated with photographic recordings of the dogs once every 60 seconds for about 8.5 hr a day, 13 weeks (standing of 26%, sitting of 13% and lying and sleeping of 61%) [11] . This might indicate that behavioral and/or postural patterns recorded only for 2 hr in the daytime were the same as those observed for longer period.
While personnel stayed in the room immediately after beginning the recording and immediately before finishing it, the dogs had more whole-body movements and the acceleration number was larger than that without personnel in the room. This has supported the fact that activities of the dogs increased during existence of human in the room [4, 11, 12, 16] . This indicates that acceleration number may be able to discriminate the quantitative difference of activity.
The acceleration at the threshold of 0.02 G responded to all whole-body movements, changes of postures, all movements of four limbs and the trunk during standing, and all movements of the head, four limbs and the trunk during sitting (Table 1, Fig. 1 ). On the other hand, head movements during standing (urination) and movements of the head, four limbs and the trunk during lying had responses 4-6% less than those recorded by the video camera. The acceleration at the threshold of 0.02 G might not respond to the involuntary movements during lying, because there was no response to movements of the trunk for deep respiration during lying. It was suggested that the positive acceleration number at the threshold of 0.02 G could mean all spontaneous activities in the dog if the error of 4-6% was Table 1 . Relationship between the number of canine behavior patterns revealed by the video camera and the acceleration number counted by the accelerometer. CH2, CH3 and CH4 indicate 3 different channels contained in the accelerometer. Locomotion and postural change, items from 1 to 8 on the left column, were separated movements each other. However, movements of body in each posture, from item 9 to 23 on the left column, often duplicated. the body than the threshold of 0.02 G. The accelerometer at the threshold of 0.10 G responded to all the whole-body movements and changes of posture during standing, but only about a half of movements of the part(s) of the body during lying (Table 1 , Fig. 1 ). All movements including movements of the part(s) of the body were recorded by the accelerometer at the threshold of 0.02 G, all changes of postures in addition to whole-body movements by that at the threshold of 0.05 G. Only whole- admitted. The accelerometer at the threshold of 0.05 G responded to all whole-body movements and changes of postures during standing and sitting (Table 1, Fig. 1) . Movements of the head, trunk and four limbs were counted by the acceleration number at the threshold of 0.05 G more than those at the threshold of 0.10 G, but these movements were not counted completely. So the threshold of 0.05 G seemed to be less adequate to record all movements of the part(s) of body movements were picked up if the accelerometer was set at the threshold of 0.10 G and the amount of the acceleration number was designated at 251 or more. These facts have indicated that gross differentiation of quantitative spontaneous activities might be possible by using only the accelerometer if the threshold of the accelerometer was set adequately and the amount of acceleration number was designated properly.
To record spontaneous canine activities for investigating behavioral toxicity with this accelerometer would have following advantageous points: 1) there was no human contact with the experimental animal during recording spontaneous activities because acceleration number was recorded in the memory of the accelerometer; 2) spontaneous activities would be recorded even under dark condition; 3) secondary processing was possible, because the data was taken on-line from the accelerometer; 4) quantitative classification of spontaneous activity might be possible by setting the threshold and the amount of the acceleration number adequately.
